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Native substrates for GaN: 
the plot thickens
 Gallium nitride (GaN) is often regarded 
more or less as the younger brother of gal-
lium arsenide (GaAs), and to some extent 
this is an accurate view. Lately, GaN has 
been receiving a great deal of attention, 
for the most part because its strong points 
- handling high frequencies, high power 
levels and higher operational linearity - are 
required by technologies that are now, or 
will soon become, significant economically.
The market for GaN devices can be divided into 
two main sectors: LEDs, where GaN enables much 
higher efficiency in green, blue and ultraviolet 
applications; and communication devices, where 
power and linearity become paramount. GaN 
has been used in LEDs for some years, but its 
application in volume to solving communication 
problems is really just getting under way. Two of 
the most important applications are in mobile tel-
ephone base stations and in military radar systems. 
In particular, the military sees a vital role for GaN 
in X-band radar systems. This is the high-end appli-
cation area that GaN should excel in.
Although the need for GaN devices is motivating 
a great deal of exciting research and develop-
ment, the volume of GaN devices being sold into 
all markets will, in the next few years, amount 
to no more than a small fraction of the volume 
of GaAs devices sold. At the moment, there is no 
reason to suppose that this volume relationship 
will change much if one looks ahead five or even 
ten years. As exciting as GaN is, there are simply 
many more mobile phone handsets and satellite 
television receivers that use GaAs chips.
One of the most active areas of research and devel-
opment in GaN is the matter of native substrates 
for GaN. At least six different substrate materials are 
currently being used, at least experimentally (and 
in most cases commercially), for GaN. The reason 
for such a diversity of substrates is that there are no 
GaN ingots, as there are ingots of silicon. If GaN is 
melted to the required very high temperature in an 
attempt to grow a crystal of the material, the liquid 
simply dissociates into gallium and nitrogen.
There are, however, GaN substrates onto which 
GaN is epitaxially grown. The substrates themselves 
are grown, and then sliced into wafers. Most GaN-
related epitaxial growth processes are limited in 
thickness (the active layer of GaN on a wafer of any 
material is generally 1 to 2 microns), but one firm, 
Kyma, has succeeded in growing GaN substrates 
that reach 1-centimetre in thickness. 
At the moment, the native substrates in use for 
GaN, for both LED and high-frequency, high-
power applications, include bulk GaN, diamond, 
silicon carbide, sapphire, aluminium nitride, and 
silicon. Additional substrates, such as AlN for 
LED substrates, are beginning to look for market 
share. The governing factors in the selection of 
the substrate type for a given application include 
the degree of lattice mismatch between the 
active GaN layer and the substrate, the thermal 
conductivity of the substrate, the difference in 
coefficient of thermal expansion between the 
substrate and the epitaxial layer, and the overall 
cost of the substrate.
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GaN On GaN
Many of the substrate materials are currently 
limited to wafers that are 2 inches in diameter. 
Kyma Technologies (Raleigh, NC), the maker of 
GaN substrates, has plans to increase the diam-
eter. “We have several research projects related 
to going to 3-inch and 4-inch sized material,” says 
Chief Operating Officer Mark Williams. He esti-
mates that Kyma will have 4-inch wafers by 2009, 
and there is talk in the industry of 6-inch crystals. 
Kyma uses hydride vapour phase epitaxy (HVPE) 
to grow their 1-centimetre thick crystals, usu-
ally on sapphire substrates. They are interested, 
though, in other technologies. Williams says. 
“Some people have demonstrated sublimation 
growth.....in which you start with a GaN solid, 
or you start with Ga and N in the same vessel to 
form GaN, so it’s transported from its location in 
the reactor to another location, very similar to 
SiC.” Sublimation growth does not look promis-
ing, he notes, but the somewhat similar amono-
thermal process does. “Amonothermal is similar 
to sublimation except that it uses some salts or 
other compounds to aid in the recondensation 
process or the growth process.”
The strong point of GaN as a substrate for GaN 
is that there is minimal lattice mismatch. “You’re 
growing GaN on GaN. The defect density when 
you grow GaN on other substrates arises from the 
difference in the lattice mismatch, and that lattice 
mismatch creates defects. When you’re growing 
on GaN, because it’s homoepitaxial growth, there 
is no lattice mismatch, and you don’t generate 
new dislocations at your interface.”
Using other substrates inevitably generates a 
certain defect density between the GaN film and 
the substrate. GaN grown on a SiC substrate may 
have from 108 to 109 defects per square centi-
metre, William says. The effect of the defects is 
somewhat debatable, he adds, although it seems 
clear that in lasers a higher defect density leads 
to a shorter lifetime for the device. So most blue 
lasers made today use a GaN substrate - a devel-
opment that has created the greatest demand for 
GaN substrates, he notes.
The evidence is less clear that a GaN substrate 
results in a longer lifetime for the non-laser appli-
cations that are of greatest interest to the mili-
tary, he explains. “The substrates used in lasers 
and in LEDs are conducting, or n-type substrates. 
Semi-insulating substrates – and also semi-insulat-
ing silicon carbide as it relates to GaN - is used 
to make FET-type devices, or specifically HEMT, 
which is a High Electron Mobility Transistor, and 
those devices are being developed for the mili-
tary, or funded by the military, for application in 
radars, more specifically X-band radars.”
As a result, Kyma is receiving funding to develop 
devices made on semi-insulating GaN, as a mate-
rial to compete with SiC, for which the military 
is also funding development. 
Heat-Subtracting Diamond
As a native substrate for GaN, diamond is, in sev-
eral respects, in a class by itself. For one thing, 
diamond has the highest known thermal con-
ductivity, which means that it can remove the 
maximum level of heat from a GaN device that is 
running at high power.
Making GaN and diamond compatible, though, 
is not so easy. Group4 Labs (Menlo Park, CA) has 
solved some of the tougher problems. The dia-
mond itself is grown by chemical vapour deposi-
tion, and is polycrystalline diamond, as opposed to 
the monocrystalline variety used in jewellery. Its 
surface is initially rough, and hostile to the crystals 
of GaN. One of Group4 Labs’ breakthroughs has 
been the development of surface-science technol-
ogies to make diamond receptive to GaN.
The GaN is not grown on the diamond substrate, 
explains Chief Technology Officer Daniel Francis. 
“The way our process works is that we pull off 
the GaN from a [non-diamond] host substrate and 
we put it onto the diamond substrate. And in that 
process we can eliminate the highly defective 
layer which exists between the GaN and the host 
substrate, so there is the potential for our defect 
density between those to be lower than it is on 
any other substrate.” The precise method by which 
the defective layer is eliminated is proprietary.
Group4 Labs currently ships 2-inch diamond 
wafers, with substrate thicknesses typically from 
50 to 100 microns. Growing large diamond wafers 
Figure 2. Comparative density 
and comparative thermal 
expansion of selected 
substrate materials.
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is not especially difficult, because of the 
polycrystalline nature of the material; 4-
inch wafers are currently being grown, 
and 12-inch wafers have been demonstrat-
ed, Francis explains. The difference in the 
coefficient of thermal expansion between 
GaN and diamond is relatively large, he 
points out – the thermal expansion coef-
ficient of GaN at room temperature is 3.3, 
while diamond is 1.18. “That is one of the 
things we have to manage in doing that 
process,” he notes.
Currently diamond substrates for GaN 
are, along with SiC, the most expensive; 
silicon substrates are the least expensive, 
and the others somewhere between these 
extremes. But Francis points out that there 
is the potential for the cost of diamond 
substrates to drop dramatically if volume 
increases – in part because the diamond 
is of the polycrystalline variety, and in part 
because very large wafers are feasible.
SiC: Tough, Useful
There is nothing novel, in general, about 
SiC substrates. They have been used since 
the 1980s as substrates for optoelec-
tronic devices, and are well known for 
the hardness of the material. Cree Inc. 
(Durham, NC), one of the major suppli-
ers of SiC substrates, currently has both 
3-inch and 100 millimetre (4-inch) wafers 
in production, according to Greg Mills, 
sales and marketing manager for Cree’s 
materials business.
Cree grows its crystals by a vapour-phase 
transport method, he notes. Aside from 
GaN itself, SiC has a closer lattice match 
to GaN, so the defect density in RF appli-
cations, for example, is generally lower. It 
also has a very high thermal conductivity, 
second only to diamond for GaN applica-
tions. These advantages help SiC over-
come its higher cost compared to some 
other substrates.
Cree supplies SiC for both the LED and 
communications markets, he adds. “The 
optoelectronics group is the LED die as 
well as the LED packaged lamps, – the 
packaged lamp group is almost the focus 
of the business now as we shift away 
from just the simple die manufacturing 
toward general illumination, so the pack-
aging group is really kind of the driving 
force there at the moment.”
The RF group at Cree worked in two 
areas: GaN/AlGaN HEMT devices, and SiC 
metal-semiconductor field effect transis-
tors (MESFETs). “So [there are] two differ-
ent fundamental devices, both based on 
silicon carbide, both used in high-power, 
high-frequency applications. The silicon 
carbide MESFET is something that has 
actually been available commercially 
for quite a while; it’s a very robust, very 
reliable device. GaN is a fairly new tech-
nology, although there have been a few 
press releases just within the last month 
or so where we are now sampling those 
devices to commercial groups.”
GaN On Silicon
One of the more intriguing substrates for 
GaN is silicon itself. Nitronex (Raleigh NC) 
has patented the process that epitaxially 
grows 2 microns of GaN on a standard 
silicon wafer. Silicon is not as efficient in 
removing heat as diamond or SiC, but it is a 
thoroughly characterized material that many 
customers feel comfortable working with.
The GaN-on-silicon are primarily used 
in AlGaN/GaN HEMT devices and other 
high-power, high-frequency applica-
tions, company director Dr. Eddie 
Piner observes, and not so much in 
optoelectronic devices. After front-side 
processing, the wafer is flipped over 
and thinned down from its original 500 
to 525 microns to improve thermal 
performance, he says. Nitronex recently 
announced a new series of devices 
grown on 150-micron (6 mil) silicon. He 
adds, “We have work under way for some 
other products in which, based on the 
modelling and thermal characteristics, 
dictate that we need to get down to 4 
mil [100 microns]. We’re well on our way 
to finishing up that work, and those prod-
ucts are probably middle of next year 
time frame before they’re really needed.”
Nitronex currently produces 100 mm 
(4-inch) wafers, and plans 150 mm 
(6-inch) wafers for 2007. “We have a 
number of people who are interested in 
that size, primarily from the perspective 
of the GaAs line...that they’re currently 
running,” says Piner. “It’s not necessarily 
being driven by the need for the larger 
area for cost reasons yet.”
Technically, he notes, there are no imped-
iments to moving to 150 micron wafers. 
Silicon substrates are readily available, 
and there are no quality problems in 
depositing GaN onto the larger wafers. 
One obstacle was the limited number of 
growth chambers used to perform the 
epitaxial deposition. But new growth 
chambers have recently been demon-
strated that will accommodate 6-inch 
wafers and GaN. The same chambers are 
used for performing deposition on 2-inch 
sapphire or silicon carbide wafers. 
“What they’re interested in is not really 
6-inch GaN, but really in how many 
2-inch sapphire or SiC wafers they can 
fit in a chamber for their LED custom-
ers,” Dr. Piner says. “And in that platform 
instead of loading six 6-inch wafers, you 
basically pop out the platter that holds 
the 6-inch wafer and you put in a platter 
that holds seven 2-inch wafers. Of course 
you have six of those [platters], so that’s 
42 2-inch wafers you can grow at a pop.”
The transition to larger wafers will not 
be free from problems, he adds. “There’s 
still a transfer qualification process that 
would have to go through to transfer 
the silicon process that we’re running 
now over to that platform, but it’s an 
engineering activity - it’s not a science 
experiment. So the limitation is the com-
mercial pool for that many wafers. If you 
do the math, and we run into the 6x6 
configuration, typical turn-around times 
are 4 to 6 hours - let’s say 6 hours to be 
conservative, so that’s 24 wafers a day.“
He notes that there are some other high-
volume markets that are also interested in 
GaN. Optoelectronics makers are an obvi-
ous market. Dr. Piner thinks that these mar-
kets will have an expanding need for GaN 
on silicon in the form of 6-inch wafers. 
“When that happens is really a question 
of market timing, and the need to get the 
price structure significantly lower,” he says. 
“That’s a least one order of magnitude 
lower cost than what people are seeing 
today, and of course much higher volumes.”
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